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FOREWORD 

This study was made by the Escape Section of the Biophysics Branch, Aero * 
Medical Laboratory of the «right .air Development Center, with Lt. Edward G. 
Sperry, Lt. Gene M. Schwartz and Lt. Raymond A. Madson serving as project 
engineers. Authority for the work was Project 7218, "Biophysics of Escape,» 
Task 71719, "High Altitude Escape Studies". 

The dummy drops were divided into two phases. Phase I, described in this m 
publication, was concerned with unstabilizea drops. Phase II will be a study of* 
the means of stabilizing the free-falling body. 'Jf 

-'it 
This report was written by Lt. Raymond A. Madson, and physical preparation *| 

was done by Mrs. Loretta B. Carter and Mrs. Dora E. Weaver. -Ml 
w 

This report is UNCLASSIFIED. |f 
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ABSTRACT 

Aero 
I G. 
:t 

-The characteristics of instrumented dummies carried aloft to predetermined 
,+ 1dea were stuSed during the free fall in unstabilized situations. These 
Ä wereobserved to asstme an attitude permitting spins about a transverse 
duBmies were °      velocities recorded on accelerometera exceeded rates 
^'tmewÄ lolerance. This study justifies further tests to develop 

fmethod of stabilizing a man descending from high altitudes. 

n this 
study of 

•aration 

PUBLICATION REVIEW 

This report has been reviewed and is approved. 

FOR THE COMMANDER: 

JACK BOLLEROD 
Colonel, USAF (MC) 
Chief, Aero Medical Laboratory- 
Directorate of Laboratories 
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T*ä2fi?S 
SECTION I 

INTRODUCTION 

,    r^k   two British scientists. D. B. Cof ^^en^rin^^ Frle^aUs'. 
:D J^Lte NO. MechEng. 179.  "The Behaviour fJ^^J£^t& tend to 

•:7t«. •» ■^^^fSSSf-".^8«- for much higher alUtude. 

tree fall i= considered necessary, because, 
„hock at high altitude might injure the man or 

Persecute opening shock at mgu 
-e the parschute. 

b.    Kstreme cold ^fJ^lT^oT^.'lVX reding the 

"      e.    A lerge o*ygen supply would he needed for a slow descent. 
.     J    +*, «T- iniurv from exposure to low * ^-i rrVit  result in death or injury  ü."*" d.    Slow descent might resuj.0 

.»osoheric pressure. ^ ^e ^_ 

-te Aero Medical Laboratory of£**J£?^Z2£%?£Z»« study   „any 
«sibility of making s study of this Pro«™-    Instrumentation, photo coverage 

,    rs were considered, test ^^^^"echniquse, dats reduction, and 
-"A SLEW'S arplisb.ent of th. oT.r-.ll mission. 

evaluation of support and selection. assign of ^^f ~Ä£j£' 
«=h 1953. and. as work progressed   £*«£«*^ when it was felt that the equip 

~ -Tafy r higrÄ; ch^7£-- ans--sü ^ 

This report considers the factors mentioned ^«•.^^rfmsIT^h. 
••/■■teas and techniques, results of tesxs,  *ui 
-stabilized Dunmy Drops". 
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SECTION II 

METHODS AND BESULTS 

TEST VEHICLES 
3 

obtaining altitudes desireu for the d^**°P *6"* be noted under -Test Resultat 
of balloons were used throughout ^«^^^fed in the later stages of the pro^l 
General Mills IT balloons were most commonly used m *a ^ 
for three main reasons. .,.>; 

..    * great deal of experience had proven thee, balloons very reliabU. - 

b.    The payload-altitud. =^111*^««^ .conical thnn^aller   ^ 

^r;han l^X rnrr^n^SSr^reUln« on. * Per  ,; 

balloon. 
4. b. «4» *>,* General Mills 128' TT balloons 

c  The Air Force already had a stock of the General m 
which were readily available for this project. ;^ 

U3e of balloons had saf e^= -e^^ ! 
launch, flight, and recovery areas. These limi^a ^ 

test site. 

TEST SITE * 

furnishing adequate support in: 

a. Maintaining the instrumentation and equipment, *       ^ 

b. Packing the parachutes, '•' 

c. Providing photographic coverage and service, ,ij 

d. Launching the test vehicles, 

e. Making the recovery, 
f. Providing any other support necesaary for completion of a Mssion. 

WADO TR 57-477 Pt 1 
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anthropomorphic dummies with controllea 
?Trt 11**8 and appendages, and resemb- 

C0VC a 95 Pantile man,   (height  - ?2 «cbea 
llUg JL  - 200 pounds) were used in these tests. 
una Z distribution and body configuration were 
-Clb similar to that of an average man of relative- 

IyriarEe stature.  (Fig. 1). 

The dummy instrumentation Kit consisted 

of: 

a      One N-o GSüP gun camera modified 
r„ run 8 frames per second using a 5° shutter. 
II Zivi.was equipped with an 84° wide-angle 
Lcus!   1 50-foot magazine of l6 mm daylight 
ioaacbxome film was used. 

b      Eleven recording acceleroineters, 
.     ,   ^.n_ vit    and three mountea ei0ht in a survival  type Kit,  ana  wu 

alone the dummy's bacic.    (Fig. 2j. 

c      One H-channel Century Model 
409 Oscillograph,  eleven channels receiving 
emissions from the acceleroineters,   one 
,erving as a voltage trace,  and two recording 
t.ixe-reference blips. 

sion. 
j. i** 

Figure 1.    Test Dummy 

.°rv. 
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Figure 2. Placement of Recording Accelerometers 
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d  Eighteen HR-1 Silvercel batteries which supplied power to fire the 

at cut-down, run the camera and oscillograph, and furnish voltage for the 
jibs » 
ceierometers, 

e. One modified Brailsford timer to sequence cut-down and operate a 

tcbinS relay' 

f. One g-proof latching relay to turn on the recording instruments and, 
vn* free fall was completed, turn the power supply off. 

V 

*11 dummy instrumentation was containea in a survival type kit, (Fig. 3). 
B>ith the exception of the three accelerometers mounted on the dummy s back. The 

kit .vas attached to the saddle of the parachute harness with two quick-release 
...    . ,  „ ..  ,,J j.  mv_-_ -i „^,T^a u*T>a Qc+.-ivated to release 

one on either side of the kit. 

:-»■,■ 

t 

SR 

Figure 3, Instrument Kit with Instruments 

I 

:Cioap3, one on either side or the KIT;, TMBO W^ »«».«. -„.-.  - 
tu Kit from the dummy at a preset altitude by a class F-l* timer installed on the 

; attorn of the kit. Upon separation from the dummy» the kit would descend on its ov> 

i »«racnute. 

The balloon instrument box, which accomplished cut-down, contained its own 
^-er supply, (batteries), a radio receiver through which the cut-down command was 
transmitted to the dummy's instrument kit, a mechanical clock cut-down system to 

; *>■■£ TR 57-477 Pt 1 
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override raaio command failure if it occurred, a barometric safJ* d™^S* ** 
effect cut-down automatically if the balloon rose above 30,000 feet and started to^ 
descend!and any other equipment requireu for the flight. The balloon cut-down |* 
recovery tarachite, flown open, was an 18 to 24 foot cargo parachute. 

CALIBRATION OF INSTRUMENTATION 

In order tuat the data reduction agency would have a standard with which they* 
could^orrelate tue raw data for reduction, a calibration was run on the ^ 
kit prior to every launch. The calibration was also used as a Visual jheekto ■  ^ 
fetermine whether^ not the instruments were functioning properly xn the laboratog 

Th* fl«t« reduction agency's requirements were that they have a record of the "1 

for every calibration to maintain congruity. J 

Flight Data 

CHECK LIST 

Pre Calibration 

2 Galvanometer plugs in 

1 remote plug in 

Off - ON Switch ON 

Fuses OK 8, 4 and 1 amp 

Main Power External on 

Paper Capacity, feet, full 

Light intensity 6-29V, 1-20V 

Test Box plug in 

GSA plug Out 

Calibration (run 5  to 6 seconds) 

Run A. *>ro Voltage. Apply 24-28 Volts to oscillograph power plug. 

#2. 24-28 Volts Cal. A^ply 24-28 Volts to Kit and oscillograph.^ 

#3^ Bottom down and feet down 

#4. Top down and head down 

#5. Right down and Back down 

#6. Left down 

#7. Fore down 

#8. Aft down 

#9. Shaking 

WADC-TR-57-477    Et. 1 
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,+  •„ the desired dummy (kit) position as accurately as possible, a two- 
To attain the desired ^ (  >J were u3ftd. The top layer had «any 

•*« «ll^noTes in wlS/tne'pins could be inserted. For calibration, the 
piously     .     the kit piaCed spaced holes in ^^/^%^Pins and leveled, and then the oscillograph 
- «"  fTa^riod^ f toPl8 -LnL  This procedure was follower for every kit 

■ rnea on at which time the kit was shaken vigorously as the 
tloned until the last run, 

'allograph was recording. 

loHon of the calibration, the record was developed and inspected to 
0n completion of the calibr^ ^ ^ functioning properly. This 

^ H a fully loaded film magazine was installed on the oscillograph, and tte 
"^aS'ready for the final preparation and check in the laboratory. 

fter the flight and recovery of the packages, the raw data, plus the cali- 
- v on! were transmitted to the data reduction agency. 

;;:jro COVEHAGE 

T    the initial phase of the Dummy Drop Tests, black and white still photos 
IU-!        nt«d in the over-all system and launch were taken.    This included, •• 4LI items used in Tine uvci  <axx =of"» ..     rea(iV»to- 

•" the oDen instrument kit;  the closea, ready-to-fly kit;  the reaay ™ 
,- oratrv    the open ^3^ {        h preparations; and the actual launch,    Aa 
- Qmmy;i1SoSessed "this practicrwas'discontinued and the black and white 
TJsTere SS on^'when ijor modifications of the system or equipment were 

reparations at the launch site and the launch itself were recorded on 16 mm 

\,ylight Kodachrome. 

.-::;.! area of recovery, manpower problems made this type or coverage ^ 
Therefore,  it was not commonly requested. 

H 

it 

f=! 

Due to the extremely cold temperatures «countered ^^^e8',£ tnts, 
■finally believed that insulation for. the ^tnm^tsw^d ^«g^.^ 
. large, black,  insulated bag with a small °e°»?\?J^    \^ZttTof the 
^-balloon attachment could be made    ^L^^^ iil^ «» *-* *° ^ 
-■* was tacked shut with a light-weight breaic-cora WUJ.W* <". 
'ree when it was released at altitude. 

It was decided that the black bag absorbea too much heat    and a ^«jj«- 
Nation bag was adopted,  (Fig.  6).    In the ensuing ^™ ^* ^S^t ' 
« '.:.* instrument kits and kit-dummy connections were tom 1°0*«'.f^usn the 
»•-■ao-n.    It was felt that this damage resulted as the J^^S-JSSf ^ 
-••ton of the bag, and the practice of using insulation bags warn therefor« 
»-«laaoned. 

•-X-TR 57.477    pt.  1. 
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Figure 5. Insulation Bag Showing Balloon .Attachment Hole. 

*v4 

Figure 6.    Silver Insulation Bag. 
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Figure 7.    Kit Parachute, Packed in Lid. 

liivXiiUTE ASSEMBLIES 

Three recovery parachutes were used on the dummy drops; 

1 
« M m 
y»S--. 

i^ 
i <m 
\ ■*&- 

■    M:. 
■m 

..    The duw »cover, parachute »as a standard B-4 pack witfc^a0-11 
„.„,.   The parachute was activated al^preset al itud; U5.°°° »; ^^. 
, Clads F-Iä timer installed in the pacK ana armeu uy  «. 

b.    The instrument kit recovery parachute was a standard l6-foot cargo 
D.    iae iuooxuui ,_,.      7N      rn^ig parachute was deployed oy 

»raciiute packed in the lid of the kit.  QFig.   ().    iaia / f    t .£,      Th8 static 
iuuc line upon separation of the kit from the dummy at 12»°f ^*e^'er^ to a 

in. ™ attached on one end to the apex of *^^£\°he parachute in the lid 
'.nza installed in the B-4 harness.    Kit lid flaps r«"n^ *      tt      in3talled 
:. tied shut with relatively strong toef-°°ft^jffet^er1laps to prevent it 

- •-:.* Jtatic line.    The static line was tacked to the retainer naps TO » 
rc_ becoming entangled with tne dummy. 

c.    The balloou cut-dew be recovery »•^*;^t^J?a£i££ 
balloon.  (Fig. 8), was an 18 to 24-foot cargo parachute, the sue depeuc g 

•e payload of each mission. 
■:.e 

> aunw chest reserve parachute was also used in the ^-^t the reserve 
'«-filing dummy a more realistic configuration, but x* ^/"^Twui discontinued. 
< :~t affect aerodvnsmic forces in the fall, and use of the reserve was 

If 
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5 Out-down box 
■\  recovery 'chute    5 

** 
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Figure 8. Cut-down Box Recovery Parachute 

LAUKCH TECHNHJJES 

Three different launch techniques were used in the dunmy drop programs       ,   | 

a     Platform Launch - The balloon was stretched out on a canvas strip."? 
over the ^ound.    The up*« portion of  the balloon was fed through a pair of launcl 
££ reselling a washiS^achine wring«.    The balloon-inflation tube, throngi wh: 
thThenrwa^transportfd, fed into the upp« portion.    The balloon instrument £ 
atLchedlo the lower end of the balloon, and the instrumentea dummies, resting on 
1 Srte p£ot-wheel cart.  (Fig. 9) -ere connected below the inst ™^ **•When 
thi^ulloon was inflated and the inflation tube tied off, the launch arms were     : 
rSeaTed! allowing the balloon to ascend.  (Fig. 10).    As the balloon rose    it     , 
lifted the dummies off the cart.    The three P^ot-wheels were a safety+factor in 
t£ event the balloon did not rise directly in a vertical position, but tendea to 
Srfua at an angle.    However, the cart did not function in the «««rint ended, ^ 
Sdafttr-Bany of the dummies launched by this method were dragged along the groun 
this type of launch was discontinued. •   -• 

tetft-TB 57-477 Pt 1 10 



Figure 9«   Three-Wheel Launch Cart. 
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Figure 10. Platform Launch. 
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Figure 11. Covered Wagon. 

'HÜ 

Figure 12.    Covered Wagon - Balloon Inflated. 
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■-»-»■■S'?*5S b. Covered Wagon Launch - The »Covered Wagon" was a large, canvas-liaed "•"**■■ 
trailer,(Fig. 11) in which the top portion of the balloon was inflated, (Fig. jg) -^ 
The dummies, as in the Platform Launch, were resting on a three-pivot-wheel cart  ^ 
and attached to the bottom of the balloon instrument box, which, in turn, was con- 
nected to the bottom end of the balloon. The launch was effected by releasing one ' 
side of the canvas serving as the cover over the wagon. When the canvas was relea-M 
the balloon was freed and ascended, (Fig. 13) lifting the dummies off the cart. ThT' 
technique resulted in too many abortions by apparently causing small pinhead leaks t 
develop in the balloon, resulting in unsatisfactory altitudes on the drops. 

Figure 13. Covered Wagon Launch. 

WADC TR 57-477 Pt 1 14 





c. Vertical Launch - Two types of vertical launch were used: 

1. The upper portion of the balloon waa inflated under a half spher-lt* 
ical canvas which was held stationary by men pulling down on long lanyards extending 
from the skirt of the canvas (Fig. 14). As the balloon inflated and rose, the men •"#. 
let out on the lanyards. At launch, a pull-string was jerked, causing the canvas \H 
to split along the middle seam, and as the seam separated, the men on the lanyards -I! 
pulled the two halves clear, thus allowing the balloon to ascend. The same launch It 
cart was used as in the two previous types of launch. Since it was again noted thaV* 
small pin-head leaks developed in the balloon, the launch technique was modified once* 
more. ,4? 

r^^wryr^.^y^TT^'^li^iy*?' 

2. The balloon was stretched out through a pair of launch arms similar" 
to those used in the Platform type launch. The bottom end of the balloon was attached 
to a mobile crane by a piece of nylon webbing threaded through a squib-fired cutter, ' 
Connecting to the balloon and hanging below it on the crane was the balloon instru- ' 
ment box to which the dummies were attached (Fig. 15)» When inflation was complete 
the launch arms were released, allowing the balloon to rise until it waa arrested by ' 

the crane» In windy conditions the \ 
^T^,T^irr^„r,,..,   crane would move with the wind until 

the balloon was in a vertical attitude, 
;; -      and then the squib was fired, cutting 

the balloon, with attached equipment, 
free. If little or no wind prevailed, 
the crane would be positioned for the 
best ascent angle, and launch would :i 
be effected with the crane station- §; 
ary. This type proved to be the most 
dependable launch technique for the % 
remainder of the tests. -I- 

RECOVER? AILS '-ft 

Initially, a modified M-18 red f 
smoke grenade and a 5-PQ^d. bag of red 
pigment powder were to be used to aid 
tracking and recovery of the dummy '-'§r, 
and instrument kit, but these did noV 
prove reliable. The dummies were . ^|p 
dressed in fluorescent red flying t||| 
suits, and colored parachute canopies^ 
were used to further facilitate recot-, 
ery. Although visual tracking did £0| 
prove effective, the suits and canopy 
ies were very satisfactory. 

Figure 15. Modified Vertical Launch 
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Recovery notices of- 
inff $25.00 reward were 

\taChed to each dummy and 
'Ictrument kit,  (Fig. 16), 
'""increase incentive to 
leturn the packages, in the 
^ent some disinterested or 
"„informed person located 
^y of the equipment. 
'ocal newspapers and radio 
Motions were asked for 
support if equipment be- 
come lost. 

-1 
5Sr- 

v. .-•: 

-•*''£; 

Figure l6. Recovery Notices, Dummy, and Instrument Kit 

;:j£CVffiY 

Recovery support was obtained from two sources: 

a. The HA.DC Balloon Unit recovery crew, which consisted ideally of: 

1. Three aircraft - one C-47, T-33, or F-94, for higher altitude 

trackings and two light aircraft, (L-20's), for lower altitude 
tracking and marking of package impact points. 

2. Three ground recovery vehicles and crew located triangularly 
around the impact area, in order to establish a fix on the 
descending equipment, and pick it up as it impacted. 

i 

3«    Radio contact maintained between all ground vehicles and aircraft 
throughout the entire mission. 

This ideal recovery crew was not always available, and consequently 
Tfiriations of the system were used. 

b»    The civilian residents of the area.    These were any individuals on 
* ose land the equipment might impact, or persons who might, by chance or otherwise, 

M the packages.    Liaison was accomplished with these persons by means of the 
ecovery notices mentioned previously. 

<x Ta j?7-477 Pt 1 17 
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DATA SEDUCTION 

After completion of the mission, the oscillograph, camera film and the calib^jfc 
ion record were sent to the University of Dayton, Dayton Ohio, for reduction and'^ffg 
presentation in a usable form. The methods and formulas used to accomplish this '*Ä 
reduction are as follows: -'-^iMy 

--'%•-■ 

>.; ■■$■■■ 

PURPOSE: ■ (1)    To derive the theoretical equations necessary to predict^': 
the angular velocity of a free-falling and rotating body and the center of rotation^ 
of that body, and (2) to prove the validity of these equations under known geometric* 
conditions. '.'/.&. 

:' * fe. 

Consider a fixed system of coordinates X, Y, Z, and another system of .";?* 
coordinates x, y, z, rotating about the fixed system. Consider a point p placed ^ 
somewhere in space with coordinates x, y, z. The acceleration of that point p , i^ 
with respect to the fixed set of coordinates is given by the equation >- 

(1) af = r0 + a^ + 2w X va + w X rm + w X Cw X rm) 

V/here r =_ the linear acceleration of the origin of the rotating system 'f- 
with respect to the fixed system; ; ."# 

--'■?' 

a = the acceleration of point p with respect to the origin of the "v 
m ••  . . . ■"**■' 

rotating system; '..-■"■§£' 

w = the angular velocity of the rotating system; :>£ 

va =.the linear velocity of point p with respect to the origin of 0 
the rotating system; fe 

w = the angular acceleration of the rotating system; 3 

r =_ the distance of point p to the origin of the rotating system. >| 

If, however, point p is rigidly attached to the rotating system, then *| 

v = a =0, and equation (l) becomes 
a   m 

(2) a„ = r + w X r ♦ w X (w X r■ ) x '  f   o      m m 

Equation (2) is the basic equation. 
I 
3& Consider six points in space, two points on each of the x, y, z axes. The  äg 

following notation will be used: 

WADC TH 57-477 Pt 1 18 
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m 

(x) will denote the 
the x direction; 

acceleration of one point on the x axis in 

(y) 
will denote the acceleration of a point on 

the y direction; 

the x axis in 

a .(x) will denote the acceleration of the other point on the x 
1    axis in the x direction. 

Ia ether words, the subscripts 1. 2 3 will ^^Jf^Ji  LAne^ne 
^ely, on which the point -^^^^^fwith respect to the fixed 

«^^Xr£SX:r$ aiCs06the distance fr« the point placed on the , 
M°fifthe i direction, to the center of rotation. 

using the above notation, equation. (2) can be broken into its three components 

1        H 

(3) a]U) = r*x + Vl(z) " Vl(y) 

-r^x) E2 + w, 
y 

+ wx   |vi(y) + Vic*j 

*"    -,    4      ,. «4+ti v   v with z. and z with x in equation (3) 
^■WlTtll fft-VSÄ C» Vi/th. li^ar acceleration of the oriEin 

Sd,r«äSÄ»SU. system in the X direction. 

For the other point on the axis 

, s    >•      • „ .r„i     w n'(y) + w*   ("vV^ + wzrl'(z) 
(3«)    ^'(x) = rx + WyTi'(a)  " wzrl W        x    Ty 1 a J 

-r^to        "y    +wz 

Subtracting (3') **» (3) we gat 

a.Cx)  - ai'(x) =    j^U)  " riW      C« 
»V 1   t ..\ 

♦ w. 3 
I 

i  i 

(4) 
since ri(z) = r^Cz) and rx(y) = r^Cy). 

Similarly 

(5) a2(y)  - a2.(y) =        £2'(y>  - '2^3 ^ + ^ 
(6) a3(z)-a3.(a>=       Jr3'(.)  - r3C)] C-x   -y > ^ 

The entities on the left hand side arejhe f^^^lTX^^ %X[ 
respective x, y, z directions between two points    *^JJ J^ can b; calle(i simply thi: 
rotation about a-certain origin.    Therefore    the acc^f ^1^(J

C
elerQnieter placed on the 

reading of an accelerometer placed at that point,  sine acceleiation is due   | 
x axis will only record acceleration along the x axis.    This n . 
-o rotation about the y and z axis only. 

"^■2C TH 57-477 Pt 1 19 
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the x axis Calling the accelerometer readings on yu* * «~ x 

and A6, and on the z axis A4 and Ay  and using the notation 

A and A„t on the y axis Ac 

(7)-K    =* 

Al * A2 ax(x)  - ax'(x) 

ri«(x)  -r^x)"     "     rx»Cx)  - rx(x) 

a (y) - a2'(y) A5 ~A6 
(8>-Ig- — 

r2'(y) -rg(y) r2'(y) - r2(y) 

2 2 

w.     ♦ w 
y        a 

2 2 
"z   +Wx 

f 
.1 

a (z)  - a f(z) 

3 3 

Adding (7) + (8) + (9) gives 

A    - A. 

r3'<») - ^z^ 

2   ... 2 2 w     + w    ) y z 

2 2 2' Since w.    = w^   + w      + ^ 

(10)    v =      1( Kj_ + *2 +K3^2 

2 2 
w     + w 

x       y 

Also 

(ii)  wx=/i(vv^)/2 

(12)    w = V   (^+^2+^)2 

(13)    wz= V   (^  - ^ + fy/Z 

^uation (10) predicts the angular velocity about the origin of the moving 

>r fixed system. 
M^    MsO    (1?) give the component of that angular velocity w« 

^ to*^nxed^t^U^o St determine the direction of V V V 

rADC TR 57-477 Pt l 
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VV 

Dg 

ith 

^u * -n  ow flccelerometers must record 
• ■   „   * this discussion It is apparent that a!i 3« a•££££     rttrther. the FI°?   «a be reaaable for the computations to ^'B tj the computations 
.^etfLt«een *e acceleroeeters oust he ^^j^rf accurately ana the 

■^^jtÄW^!& U -*-* inaepena- 

- 0tfthe°rate of rotation. 
^ 01 *uo nV,.ra<r>Bl meaning when the 
'      Ihe center of rotation of ^A^lT^tS^ -of «- «~ 
**- "^Thenltfe possmeTo define the a*is of rotation. 
.; neglected, then P „cilloeraph traces ana trans 

^ *«rrÄÄ* FrÄrrrfinaThrpoi. 

♦,'r.c 

;Ä1 

"A 
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MISSION PROFILE 

In order that the reader may appreciate what is considered a successful 
mission and understand how it is accomplished, a profile of the deseed mission 
Ta  being inserted at this point. Due to the many systems and the complexities 
entailed in a mission, it will be observed under. -Test Results , that many 
mistakes were made and many new problems arose with erery modification of the   .,.« 
over-all system, |p 

' jus 
Here, in brief, is the basic mission profile: ^ 

a. All instruments and wiring were checked and tested for continuity. A 
If everything was found to be in order, the oscillograph ^^^^^^ 1 
the kit calibrated according to a prescribed check list. (Fig. «. ™f^m a 
bration was developed and inspected by a responsible technician, and if *£ if 
instruments were not recording correctly, the discrepancy was located. repaired. J 
and a recalibration made. When everything performed as required, the <»£110- .| 
£aph magazine and camera were loaded, the battery pack ^tailed the kit checked ^ 
out with the balloon cut-down box. a final "laboratory check- made, (Fig. 17), . 
a^d tne Kit was closed up. ready to fly. A recovery notice was tnen tapea on ^ 
one side of the kit. — - ■% 

b  The dummy was suspended and adjusted to the desired body configura- ■'\ 
tion and all joints checked for rigidity. Back accelerometers were mounted. { 
and tnf dummy was dressed in a fluorescent red flying suit, and the main personnel , 
Srach^te^s attached. After the parachute was adjusted, the feet *«" *i*d - 
SaZthir the arms tied down, and the hands and fingers taped snugly to the body. ; 

• Sylou webbingTs uset Jn tying the limbs to the body.) A recovery notice was , 
lapeTon an exposed area, usually the leg. and the dummy was ready to fly. 

e  All equipment was taken to the launch area and weighed to deter- 
mine the onload in order to compute the amount of helium required to obtain the 
Ssired Un Som"he balloon. The balloon cut-down box was attached to the bottom 
S the bailoouatd raised off the ground by a mobile crane. The dummy was then 
^ttached^elow the balloon cut-down box by threading a piece of nylon webbing 
SJTariS on the dummy's head, a D-ring on the cut-down box and two squib- 
fSÄ«ers*whLh wernctivated1 through the cut-down box by radio-corned at 
dummy" release time. The instrument kit was installed on £«/^«f^^ 
t^rns between the various systems were made and then safetied. parachute static 
Un7s we£ connected to their respective attachment points, and a through 
«wJ made on the over-all system. While the equipment was being installed and 
£:pec"deo:ntheebrttrom of the balloon, the upper portion was *£*£*-; 

: When inflation was complete and all connections given a fina\^C£0^*he 

IrZ was cleared in preparation for the launch. The upper portion of tk* 
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FINAL CHECK IN LAB 

1. Calibration records 

2. 2 Galvo plugs 

3- 1 Remote plug 

4. 1 Oscillograph power 

5- Off - on Switch ON 

6. Light intensity 

7. Dust tapes 

8. Paper capacity 

9. Short run 

10. Timer set with oscillograph Off 

ll. Off - On Swith Cj£ 

12. GSAP Power pktg 

13. GSAP film loaded 

14. F - stop #4 

15. Battery power 

16. Short Burst on GSAP 

PRE FLIGHT CHECK AT LADNCK 

1. Run Oscillograph 

2. Run GSAP 

3. Check Squib 

Figure 17. Laboratory and Pre-Launch Check List 
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j     When the balloon attained the deaired altitude, a radio-coamand 
eut-do«n &J. Ss^anliitted to a receiver Installed in the cnt^o» box 

3£°2 turn released .olta*. Z£^^~%'^^l£'<£'* 
rtr^nfm efootin, wutr^e 3,uibs. cauain* the. to fire and thua 
releasing the dummy. 

e     AS the dummy fell awey,  the main parachute static line was pulled,      i 

rree rau. HOB ""*"* deulovin« the main personnel canopy.    As the 
fL' *    «^ 000 Set £T ihe SSSLS Kit was turned off and released from 
SIS 5 fnofhe/^erfid'tSer. and the instruments ^scende. or, their ^n 
parachute, deployed, as the Kit fell from the dummy, by a static line attached 
to the main parachute harness. 

f      The recovery crews, which were dispatched to the field prior to 
1-m.rt   revered the equipment with the aid of radio directions and visual con- launch, recovered *ne eq.uii«uou returned to the laboratory with 

duction and return to the project engineer. 

TEST RESULTS 

The unstabilized dummy drops were conducted in two stages.    The/irJ*a
8*^ 

ÄÄ'S^^ffi'U.3. 5* throat 057. balloon, .«»a a, 
test vehicles.    Test results were» 

Drop 003:    Altitude - 30.891 feet, free fall - 85 seconds,    * peak rota- 
tion of 92 rpm was recorded for 12 seconds. 

Drop 005:    Altitude - 30.9*3 ***** free *•" 7 86 J000"*?;   *£"* P     J      instrumentation restricted collection of usable data. 

Drop 007.    Altitude - 30.99& feet, free fall - 90 3econds.    Peak rota- 
tion recorded was 102 rpm for 9 seconds. 

.    n nnQ.    Aititude - 30.965 feet, free fall - 82 seconds.    Rotation 
Drop 009:    ^Slr^9^ ^p wa3 not sufficient to merit ccmpu- 

tation. 

nron 010- Altitude - 31,00iv feet, free fall - 84 seconds. Due to Drop 010. Altitun tr^.n^ the peaK rotation pecorded wa3 6o rpm 

for 2 to 3 seconds. 
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t~r 

as 

ta- 

Drop Oil: 

Drop 013* 

Drop 014: 

Drop 013 s 

Drop 0l6i 

Drop 017s 

~CL  * «+ ^r-ft« fall - 86 seconds. Faulty 

STÄ.SÄ; SS. «U.—°< 
dummy's attitude during the fall. 

Altitude - 30.933 feet, free fall^- 85 seconds^pj* ^ 
rotation of 75 rpm was recorded for 3 secona 
became illegible. 

faU^eoSaiK an average of 45 to 50 rpa. 

*«*.. 30.994 f-». «Xifsu£.rss; £•££. motion of 40 rpm was recorded througnou* axm 

fall. 

^^o « * -p-n«.«» -fnll - not recorded. This Altitude - 30.958 feet, free fail  no ^ 
dunmy free-fell to the ground due to a faulty yv 
automatic parachute release. 

11*«*. - 31.033 reet. '™ '^Vaecfnds. tnf au 

Drop 018: 

Drop 020: 

Drop 021: 

Drop 022» 

Drop 023; 

«SSW-      1 

ssr- 1 i                                 Drop 024: 

IP I                                 Drop 025» 

ipfc  ■ 
I           WADC-TR-57-477 Pt 1 

„~ « 4. *»•*•*« fall - 84 seconds. Poor 
Altitude - 31.020 feet, free «"■  °J ^ resulted in no 
image definition and contrast on the film re 

data for this drop. 

UU«. - 30.^37 feet, free fall - 62 eeconaa. Poor «• 

quality resulted in no data. 

* * <.,.»« fall - 82 seconds. Dunmy had rrre«; ^ifo/r^^xv ^ .1«...- - * 
rpm for 8 seconds. 

Altitude - 30.694 feet, free fall - 82 seconds. No ^ata 

obtained due to poor image on film. 

/«« * 4- 4»T.«e fall - 83 seconds. This 
Altitude - 30.623 feet. **••*•£  V rf 6o 
dunmy rotated alon«.• }f^t~" !\,aa not encountered 
rpm. The characteristic "flat spin 

here. 

.»ituae - 30.637 r.et   free fall - 80 aeconoa.   No da«. 
obtained due to faulty film. 

,,,*«.   +™* fall -90 seconds.   Dunmy *""* Altitude - 30.444 feet, free fall    yu » 
an average rotation of 35 *pm. 

25 
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nn nn *^o*   <v«a fall - not recorded.    Complete 
te°' °*'   ££*£ noÄned^ecorL rotation a.eras.d 20 ^ 

„« oic #^+    **•«« fall - 83 seconds.    IXinmy was 
teop 027.   £££- 30.2« ^./«^tion 3, . rotation of 45 rM   ■; 

for 10 seconds. 

Drop 028. Altitude - 30.5« *"*.*?• faU " 83 a°°0ndS- ""* ^ 
ted 60 rpm during this fall. 

Drop 02,: Altituo. - 30.50, feet, free faii - 87 seconds. An aTer^e 
of 25 rpm was recorded. 

™ 1 La +***■    f-rp« fall - 88 seconds. A coning 
™ °30! ^t-££™*At£»***  "is fail. 

Drop 031= Altitude - 27.0*7 ^.'12%™ * - *> "^   S"*iKt 

rotated at an average of 12 rpm. 

^op 032: Altitude - 27.553 feet, free fall - 53 -conds. This sub- 
Drop 03<2. £ct averaged 46 rpm in a coning motion. 

- «• =vt ai-trr^rr -50 3~subJMt 

constantly changing body configuration. 

o-i  o-7o *<>*+    free fall - 67 seconds,    Bunny 
*" °35!    SSTS if^tAort^enti^faU. 

„,.„+■» «»«liv bein« made in instrumenta- 
Durine tn« aeo« *^. -SfJS^i^LrSSSS Äed.    On tn. tests. 
^reTopper£^ 

was noted. 

The body position decided on for the balloon-duvw tests was, 

Hands and arms rigid and tied to the body. 

Knees flexed and rigid, 

Hips slightly bent and rigid, and 

Feet tied together. 
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ete „, 

5 rpm'f? 

rota- 

rage 

ng 

ub- 

^ polity - ~ «»SÄS^ 

£**>-* 3iJnulate4 "*" ._ ._,.    ^j. .^ipaent wa. returned 
. .... r *7 orogram in April 1954. »" ■» .11 fabrication of 

0n completion of theJ^f0^ tor „. as patterns ta the 
w -ADO for repair and aerTi«ngj an ^ ^„„.^ ^p,. 
J, Kits ana e^ent ^ ^ ^ ^ _ ^^ 

» June 1954. «- «W»«£.£äi»d du-y drops began. 

was not determined. 
_a     piatform launch.    Balloon 

« ii««« waa same as above,    nan.«* helium was 
** °37:    asce^To * ^et -**S£d Ä° ^et 

p^ped into balloon which ^e
a£chanical clock ran out 

Soring this period, *»» « ^      en canopie3 were ob- 
S cut-down «es initiatea.    »£^     BeCOVery of the 
aerved immediately j^^^Uuent kit had separated 
packages «veale^hat the ins^ ^^ clamp3 

on cut-down, probaoiy uu 
railing.    No data was obtained. 

Drop 0381 

lenta- 
>ts,    % 

5 

jhange 

Drop 039• 

Winzen 6l-f*ot P^^^^^r^TÄ^'S* the 
JeTt!    «Covered Wagon« launch,    ^ent tl<a re. 
clock initiated «Ji^a£££d a* cut-down and no 
fealed that kit and ^/^Lilure, and extensxve 
data was obtained.    Cue to «" .      u3ed was con- 
ftudy of the aerials and methods being ^^ 

ductea.    The results of*h* '^/and fabricated, as many 
auick release clamps were designea ^^ g«- 
grading ««-^ r^f-rall instead *£« 
nades were to be *r*ett positive system of neu«* 
>""*•„t'waÄ inoSorated by HADC. and a new 

vo^t.ical launch used. 
«W 116-foot «>' ^^.oouTeet. and settled slowly 
Balloon developed a hole a* j, 
tf ea^th.   No data was obtained. 

Drop 01+0 s 

WADC-TR-57-477 Pt 1 

to earxa.    «w — ~ 
,,    -     vertical launch used. 

.*      « ft<t_foot tape balloon.   Ve*™.~x
d^ descended 
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Drop 042 s 

data was obtained. 

Winden 83-foot -p* g^JT^-S^Ä. 
Balloon ascended to 75.000 " b gating 
the duniuy assumed a pr°*« »°^£Uon reBained constant 
in Tnh0riZand1ias "coapanied S a 30° oscillation   30 at 40 rpm and was accomp J f^x time was 170 
oscillations per minute.    Total rre« «M. 

seconds« -._H.ai  launch used.    Balloon 
Brop 0«:    «-- «O-foo« ^ loon. £££ *™ ,llm     d „scillo- 

ascended to To.000 roow    ^^^„^„a had been actl- 

SS 5£ ÄTi.^ - —• 

tlon and began a rotatiOT wtocH gran       » „^^ 
102 ma.    Total free fall tune was i»u 
aTeraged «0 rpm for 69 seconds. 

W«. 83.3-foot tat. ^.JA^eTl'«« d* 
Balloon ascended to 75.000 feet.    "J^ rotation stable for 10 to «3.«^^ «c        ^    ^ 

incased tr-»rp. to *£^ ^tir 24 second, 
est arerage was 135 rpm ror *4 s stable end 
of Tiolent spinning. *-^JSTt- « «■" rotation. 
^free'feÄ SsT^cond,. 

Balloon, with two aumui« , ^   duninies at 
*"& ^rTe"uUatrSeafeTilailed - Do», 
30,000 feet.    One quic* *    ^^        reached a peak 
#1, making data unu3a^e'    ^^rale rotation of 127 rpm rotation of 1&7 rpm andhad an ^erag^r ^ 
for 18 seconds.    The dumny was *&»£»* rfect 

parachute ^««-^T&^JlX*« • «-" * •Mae West-  in the canopy.    «J*^JJy
time wa3 66 3econds. 

the rotation.    The total free raxx *«* 

Drop 045: 

n™ nk6 was performed without the use of an insulation 
r totciirt. »or, on tb. g^-jsssisr- 
SSTää: .rJÄ?r£r««test, 

WADC-TR-57-477 pt 1 

without the bag. 
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Drop 047* 

i 

5- 

Drop 048» 

Drop 049* 

Drop 050» 

Winzea 95-foot tape balloon. ™^J?!g)™*\t 
Balloon%itu one dummy, ^^tec£*. then 
cut-down, the dummy fell stable ror j ■«»   . 
assumed I prone position and beganjotati^g. ^JT

rf 

of 135 rpm was recorded for \™^^J£Z>  kit 
145 rpm. mediately on *%^J%»* gained for 
separated from the dummy, and data was no* 
the complete fall. 

Vinzen 95-foot tape balloon. Vertical launch used. 
^Soon ascended to 78.OOO feet with one dummy. Data 
from this drop was not analyzed. 

General Mills 128-foot tailored tapelesa balloon. Verti- 
cal launch used. Balloon ascended to 9I.OOO ««j^ 
at launch, the dummies were dragged along the ground, 
and the kits separated. No data was obtained. 

Winzen 95-foot tape balloon. Vert^ ^unch used    ^ 

Balloon, **^a™ fenable1« 10 seconds, then ing cut^own the dummy fell stable ror 
began rocking in a prone Portion. The oscxxx 

changed to a spin ~^ *»?£**^decrease to 75 
body. The spin would increase to 95 rpm, ^ 
rim. and increase again. This uad«1fl1^n^?;t at which rytu, »« „_+<1 +he dummy passed 12,000 ree*. a* WUAWU was recorded until the dummy pa malfunction, 
time the kit ^^1 to*the^ground.S average longitudinal 
the dummy free-fell to the grouna.        recorded 
spin of 83 rpm, with a peak of 102 rpm, was 
for 80 seconds. 

rpm 

of 

on 
c- 

Drop 051: 

Drop 052» 

Drop 053* 

<IADC-TR-57-477 Pt 1 

„«„«.iitad of two dummies dropped with stabiliz- 
£\SE STSS1^ be diseusaed in «hi. report. 

^^"S^SfSUXS!   *> «.* was opined. 

„.neral Wlla 128-foot **«*,"£?£ ^"^ I«1^ 
jLnch need.   Balloon *«^«< f^^as aisco«red 
Sine In^eÄ^ E^V frea-raiun 
SdVas da^eTwond repair     ££»» «£-- ieen 

—- =2 Ä^e S» reaeaed however, was reduced, and s*0"6^ ^ rotation 
a peak rotation of 120 rpm.    Dummy #2 had a pea* 
of approximately 200 rpm. 
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Drop 054: Winzen ll6-foot tape balloon. Vertical launch used. 
Cut-down sequence started while the balloon was still 
attached to the crane. Explanation of the malfunction, | 
given by Balloon Unit personnel, was, »false radio- 4 
command-activated sequence.« Equipment was slightly I 

damaged. * 

Drop 055: Winzen 116-foot tape balloon. Vertical launch used. 
Balloon ascended to 47.000 feet, then burst. A review 
of proceedings showed that balloon had insufficient 
payload, and ascent was too rapid for balloon's ex- 
pansion capabilities. No data was obtained. ; 

Drop 056: General Mills 128-foot tailored tapeless. Vertical 
launch used. Balloon, with two dummies, (one stabilized, 
one unstabilized),.ascended to 89,000 feet. Unstabilized 
dummy began rotation immediately, and reached a peak of 
83 rpm, with an average of 80 rpm for 7 seconds. 

Drop 057: General Mills 128-foot tailored tapeless balloon. 
Vertical launch used. Balloon, with two dummies (one 
stabilized, one unstabilized) ascended to 90,300 feet, 
unstable dummy began rotation immediately and reached 

peak of I06 rpm. 

The following page presents in chart form a summary of those launches which 
recorded valid data, and the ensuing pages contain graphs, showing typical example 

of data reduction. 
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M? 

A' 

045 

J4Ö 

047 

050** 

053 

056 

057 

BALLOON - DUMMf LAUNCHES RnXJORDING VALID DATA 

Balloon 

*Note 

ff  83.33T 

1 Mar.   '55 

3 Mar.   '55 

Launch 

Vertical 

;<83.3ST 

7/83.3ST 

15 June   '55      s.'llöoT 

Altitude 

75,000 ft. 

Peak 
RTM 

40 

Vertical 

Vertical 

23  June   '55 

15 July  '55 

7T95ST 

W95ST 

Vertical 

75,000 ft. 

75,000 ft. 

40,000 ft. 

Average RPM 
and Time 

30 RPM for 120 
seconds 

102 40 RHii for o9 
seconds 

loci 

lei 7 

135RPM for  24 
seconds 

127 Ri-M for IS 
seconds 

Vertical 7d,000 ft. 

Vertical 

8 Feb.   «5d 

18 May  '5d 

22 May  *5ö 

GM128TT 

JM128TT 

Vertical 

86,000  ft. 

89,000  ft. 

Vertical       89,000 ft. 

145 

102 

T20-- 

200 

135 RPM for 7 
seconds 

83 ÄFM for 80 
seconds 

GM128TT Vertical 90,300 ft. 

83 

106 

110 RPAi for 12 
seconds 
,f2 not analyse 

70 AtU  for 14 
seconds 

i 

1 
75 RPM for 10 
seconds 

* Note - Balloon symbols are: W - Winzen; ST - Stress Taps; GM - General Mills; 
and TT - Tailored Tapeless. The numbers denote the diameter of the Balloon, 

•• This drop was unusal in that the spin was about an axis running longitudinally 
through the prone body, rather than about a rertical axis perpendicular to the 
earth's surface. Drops 023 (C-97)program) and 050 were the only drops recording 
spin about the lateral axis. 
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DROP NO. 046 
15 June 1955 

•0 20 30 40 

TOTAL     ELAPSED      TIME     IN        SECONDS 
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DROP NO. 046 
15 June 1955 

10 20 30 40 

TOTAL     ELAPSED      TIME     IN       SECONDS 

50 
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180 
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DROP NO. 047 
23 June 1955 

10 20 30 40 50 
TOTAL     ELAPSED      TIME     IN        SECONDS 

60 
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SECTION III 

CONCLUSIONS I 

* *  °^ ,, resulta of these te3ta. it is apparent that no man can be expects 
to free-fall, unstabilized, from high altitude without a very atrong possibiliS 
of severe spinning and/or tumbling which would cause injury or death, either 
directly or indirectly. Therefore, systems of stabilizing a free-falling body : 
are being studied, and this stabilization study will constitute Part Ilof this ' 
report. 
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